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OPTICAL TRANSMISSION APPARATUS AND
METHOD

This application 1s a continuation application filed under
35U.S.C. §111(a), of International Application PCT/JP2007/
056936, filed 1n Japan on Mar. 29, 2007, and designated
United States.

FIELD

The embodiments discussed herein are related to optical
transmission apparatus and methods.

BACKGROUND

With the recent increase of data traffic, high-speed, large-
capacity communications have become indispensable, so that
the construction of large-capacity networks using communi-
cation technologies such as DWDM (Dense Wavelength
Division Multiplexing) 1s being advanced. Also, in anticipa-
tion of the realization of even larger-capacity data transmis-
s1on 1n the future, the construction of next-generation photo-
nic networks capable of dynamic wavelength switching and
routing 1s hoped for. As a solution to the implementation of
such networks, variable-wavelength light source device has
been attracting attention which 1s capable of outputting a
desired wavelength.

FIG. 17 illustrates the configuration of a variable-wave-
length light source device, or more specifically, a temperature
tunable-type variable-wavelength light source device 30
using an 8-channel DFB (Distributed Feedback)-LD (Laser
Diode) array.

The variable-wavelength light source device 30 comprises
DFB-LDs 31-1 to 31-8, an optical coupler 32, and an SOA
(Semiconductor Optical Amplifier) 33. The wavelength out-
put end of each of the DFB-LDs 31-1 to 31-8 and the wave-
length mput end of the SOA 33 are coupled by the optical
coupler 32 such that the wavelength output from one of the
DFB-LDs 31-1to 31-8 1s amplified by the SOA 33 and output
to the outside of the device.

FIG. 18 1llustrates the operation of the variable-wavelength
light source device 30, wherein the horizontal axis indicates
wavelength and the vertical axis indicates optical power. Spe-
cifically, FIG. 18 schematically depicts wavelength ranges
H1 to H8 respectively covered by the eight DFB-LDs 31-1 to
31-8 of the vaniable-wavelength light source device 30.

The DFB-LD 31-1 outputs a desired wavelength variable
within the wavelength range H1, the DFB-LD 31-2 outputs a
desired wavelength variable within the wavelength range H2,
and so on. Thus, the DFB-LD 31-8 outputs a desired wave-
length variable within the wavelength range HS.

To cause the variable-wavelength light source device 30 to
output a wavelength Aa, indicated 1n FIG. 18, as a variable
wavelength output, for example, first, the DFB-LD 31-1 with
the wavelength range H1 including the wavelength Aa 1s
selected from among the DFB-LDs 31-1 to 31-8. Then, the
laser temperature 1s varied and set to a laser temperature Ta
for outputting the wavelength Aa.

In this manner, when a desired wavelength 1s to be output
from the variable-wavelength light source device, the DFB-
LD to which 1s allocated the wavelength range including the
desired wavelength 1s selected, and the laser temperature 1s
adjusted so that the desired wavelength may be output from
the selected DFB-LD.

As stated above, the varniable-wavelength light source
device 1s constructed by monolithically integrating a DFB
laser array, an optical coupler and an optical amplifier on a
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single chip and permits one of multiple wavelengths to be
output therefrom by the selection of a DFB laser and the
temperature control. The variable-wavelength light source
device can replace multiple light sources that are needed for
respective wavelengths in conventional WDM systems, mak-
ing 1t possible to reduce costs of WDM systems and simplity
the maintenance and management of the systems.

As conventional techmques related to the variable-wave-
length light source, a technique has been proposed wherein, at
the time of switching wavelengths, an electric current 1s
injected into a semiconductor laser, and after the temperature
becomes stable, the power supply to the laser diode (LD) 1s
controlled (e.g., Japanese Laid-open Patent Publication No.
2005-64300).

The temperature tunable-type light source like the above
one has been mainly used until now as the variable-wave-
length light source device. Since this type of light source
device has a construction such that the refractive index 1n the
laser diode active layer 1s varied by the application of heat,
however, the tuning speed 1s slow 1n principle and of the order
of milliseconds (ms). Thus, the temperature tunable type 1s
unsuitable for high-speed applications such as high-speed
wavelength switching and high-speed wavelength routing. In
recent years, therefore, current injection-type variable-wave-
length light source devices capable of high-speed tuning on
the order of nanoseconds (ns) have been developed.

FIG. 19 illustrates the structure of a current injection-type
DFB-LD. A gain control layer (act) 301 and a tuning layer
(tuning) 302 are alternately arranged on a waveguide 300 (the
gain control layer 301 1s a layer that contributes to the emis-
s1on of light, and the tuning layer 302 1s a layer for wavelength
setting), and electrodes 303 are arranged atop so as to corre-
spond 1n position to the alternately arranged layers. Also, a
grating (diflraction grating) 304 i1s formed beneath the gain
control layer 301 and the tuming layer 302.

Thus, 1 the current injection-type variable-wavelength
light source device, the wavelength control layer 1s provided
in the waveguide separately from the gain control layer. The
set wavelength 1s controlled by injecting an activation current
into the gain control layer to control the power of the laser
diode and also by injecting a tuning current into the tuning
layer to vary the carrier density and thereby change the retrac-
tive index. By virtue of the atorementioned structure and
control, high-speed tuning of the nanosecond (ns) order can
be achieved.

In the current injection-type variable-wavelength light
source device, however, noise superimposed on the tuning
current directly appears 1n the form of wavelength variation,
causing spectral linewidth broadening. Thus, if an optical
signal with a broadened wavelength spectrum 1s transmitted
during the operation, a problem arises in that conspicuous
wavelorm degradation occurs.

FIG. 20 illustrates the relationship between current noise
and transmission penalty, wherein the horizontal axis 1ndi-
cates noise Ifrequency (kHz) and the vertical axis indicates
transmission penalty (dB) (transmission penalty: a measure
ol the rate of discrimination error in the recerved signal attrib-
utable to transmission). FIG. 20 reveals that the transmission-
induced degradation worsens with increase 1n the noise fre-
quency of the tuning current.

In order to improve transmission characteristics, therefore,
high-frequency noise needs to be suppressed. In a conven-
tional method for suppressing high-frequency noise superim-
posed on the tuning current, a bypass capacitor 1s arranged in
the vicimity of a tuning current generating section, for
example, to allow the cutoil frequency to be set to a lower
frequency, thereby suppressing the high-frequency noise.
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With this method, however, the tuning speed lowers because
of the time constant of the capacitor, giving rise to a problem
that the intended high-speed tuning (high-speed wavelength
switching) fails to be attained.

SUMMARY

According to one aspect of the present invention, an optical
transmission apparatus includes a variable-wavelength light
source 1ncluding a light-emitting laser whose output wave-
length varies when applied with a wavelength control signal
for switching wavelengths, a wavelength controller config-
ured to output the wavelength control signal, and a filter unit
configured to subject the wavelength control signal to a {il-
tering process to remove high-irequency noise superimposed
on the wavelength control signal, wherein the filter unit stops
the filtering process during wavelength control and executes
the filtering process during operation.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out 1n the claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWING(S)

FIG. 1 illustrates the principle of an optical transmission
apparatus;

FI1G. 2 1s a flowchart illustrating how a wavelength control-
ler and a filter unit are operated;

FI1G. 3 1s a flowchart illustrating the setup of the apparatus,
including gain control;

FI1G. 4 15 a flowchart illustrating the setup of the apparatus,
including gain control and constant temperature control;

FI1G. 51s a flowchart 1llustrating the operation performed at
the time of wavelength switching;

FI1G. 6 1llustrates the configuration of an optical transmis-
s10n apparatus;

FI1G. 7 1s a flowchart illustrating the setup of the apparatus,
including gain control and SOA control;

FIG. 8 1s a flowchart illustrating the setup of the apparatus,
including gain control, SOA control and constant temperature
control;

FI1G. 9 1s a flowchart 1llustrating the operation performed at
the time of wavelength switching;

FI1G. 10 illustrates the configuration of an optical transmis-
s10n apparatus;

FI1G. 11 1s a flowchart illustrating the setup of the appara-
tus, including gain control and SOA control;

FI1G. 12 1s a flowchart illustrating the setup of the appara-
tus, including gain control, SOA control and constant tem-
perature control;

FIG. 13 1s a flowchart 1llustrating the operation performed
at the time of wavelength switching;

FIG. 14 illustrates the configuration of a filter unait;

FIG. 151llustrates an equivalent circuit of a filter and a laser
diode;

FIG. 16 1llustrates the transmission characteristic of the
filter;

FIG. 17 1llustrates the configuration of a variable-wave-
length light source device;

FI1G. 18 1llustrates the operation of the variable-wavelength
light source device;

FI1G. 19 illustrates the structure of a current injection-type

DFB-LD:; and
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FIG. 20 1llustrates the relationship between current noise
and transmission penalty.

DESCRIPTION OF EMBODIMENT(S)

Embodiments of the present mvention will be described
below with reference to the accompanying drawings, wherein
like reference numerals refer to like elements throughout.
FIG. 1 illustrates the principle of an optical transmission
apparatus. The optical transmission apparatus 10 comprises a
variable-wavelength light source 11 including a light-emat-
ting laser (heremaftter laser diode (LD)) 11a, a wavelength
controller 12, a filter unit 13, a gain controller 14, and a
temperature controller 15.

The laser diode 11a has its wavelength set when applied
with a wavelength control signal (hereinaiter tuning current)
for switching wavelengths, so that the output wavelength
varies. The wavelength controller 12 outputs the tuning cur-
rent to the laser diode 11a to perform wavelength control such
that the output wavelength 1s set to a desired wavelength.

The filter umit 13, which has a high cutoif frequency, sub-
jects the tuning current to a filtering process so as to remove
high-frequency noise superimposed on the tuning current.
The gain controller 14 outputs a gain control signal (herein-
alter activation current) to the laser diode 11a to perform gain
control for setting the gain for output light of the laser diode
11a. Specifically, the gain controller 14 controls the emission/
non-emission of light from the laser diode 11a.

The temperature controller 15 carries out constant tem-
perature control for setting the temperature of the laser diode
11a to a constant temperature. The temperature of the laser
diode 11a needs to be stabilized before the emission of light.
To this end, the laser diode 11a 1s placed on a TEC (Thermo
Electric Cooler) for adjusting the laser diode temperature, and
the constant temperature control of the laser diode 11a 1s
performed with the use of the TEC.

The filter unit 13 stops the filtering process during the
wavelength control and executes the filtering process during
the operation. Details of the filtering process will be
explained later with reference to FIG. 14. The wavelength
controller 12, the filter unit 13, the gain controller 14 and the
temperature controller 15 carry out their respective predeter-
mined operations 1n accordance with istructions from a host
controller.

FIG. 2 1s a flowchart illustrating how the wavelength con-
troller 12 and the filter unit 13 are operated.

S1: The filter unit 13 stops the filtering process (OFF).

S2: After the filtering process 1s stopped, the wavelength
controller 12 supplies the tuning current to the laser diode 11a
to perform the wavelength control (control for setting the
output wavelength of the laser diode 11a to a desired wave-
length).

S3: During the operation subsequent to the wavelength
control, the filter unit 13 executes the filtering process (ON).
Namely, high-frequency noise 1s removed from the tuning
current.

In this manner, during the wavelength control, the filtering
process 1s stopped, and the tuning current on which high-
frequency noise 1s superimposed 1s supplied directly to the
laser diode 11a of the variable-wavelength light source 11 to
set the wavelength to be output. During the operation follow-
ing the wavelength setting, the filtering process 1s executed to
remove high-frequency noise from the tuning current being
supplied to the laser diode 11a.

When the wavelength control 1s performed, the filtering
process 1s stopped and the wavelength 1s set by means of the
tuning current containing high-ifrequency noise. At this time,
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therefore, the output from the laser diode 11a involves wave-
length variation, but since no service i1s being provided (no
optical signal 1s being sent to the transmission path), degra-
dation of the transmission characteristic 1s not caused and nor
1s the recerving side adversely affected. During the operation,
on the other hand, the filtering process 1s executed to remove

high-frequency noise from the tuming current being supplied
to the laser diode 11a.

Thus, during the wavelength control, the wavelength of the
variable-wavelength light source 11 i1s set by using the
unprocessed tuning current (on which high-frequency noise
1s superimposed), thus making it possible to carry out high-
speed wavelength tuning (high-speed wavelength switching)
as mtended. On the other hand, during the operation, high-
frequency noise 1s removed from the tuning current, whereby
degradation of the transmission characteristic 1s suppressed.

The manner of how the optical transmission apparatus 10 1s
set up will be now described with reference to the flowchart of
FIG. 3 illustrating the setup of the apparatus, including the
gain control.

S11: The filter unit 13 stops the filtering process.

S12: After the filtering process 1s stopped, the wavelength
controller 12 supplies the tuning current to the laser diode 11a
to perform the wavelength control.

S13: During the operation subsequent to the wavelength
control, the filter unmit 13 executes the filtering process.

S14: After the filtering process 1s started, the gain control-
ler 14 supplies the activation current to the laser diode 11a to
carry out the gain control.

FI1G. 4 15 a flowchart illustrating the setup of the apparatus,
including the gain control and the constant temperature con-
trol.

S21: The temperature controller 15 outputs a TEC current
(current supplied to the TEC for adjusting the laser diode
temperature) to perform the constant temperature control on
the laser diode 11a.

S22: The filter unit 13 stops the filtering process.

S23: After the filtering process 1s stopped, the wavelength
controller 12 supplies the tuning current to the laser diode 11a
to carry out the wavelength control.

S24: During the operation following the wavelength con-
trol, the filter unit 13 executes the filtering process.

S25: After the filtering process 1s started, the gain control-
ler 14 supplies the activation current to the laser diode 11a to
execute the gain control. In the control flow explained above,
the constant temperature control 1s carried out first but may be
executed at any time 1nsodar as 1t precedes the gain control for
supplying the activation current.

Operation of the optical transmission apparatus 10 at the
time ol wavelength switching will be now described with
reference to the flowchart of FIG. 5 1llustrating the operation
performed at the time of wavelength switching.

S31: The gain controller 14 shuts off the activation current
(Iact=0 mA).

S32: The filter unit 13 stops the filtering process.

S33: After the filtering process 1s stopped, the wavelength
controller 12 supplies the tuning current to the laser diode 11a
to perform the wavelength control. In the case of switching
the wavelength from Aa to Ab, for example, the wavelength
control 1s carried out by supplying the laser diode 11a with a
new tuning current for setting the wavelength Ab.

S34: During the operation subsequent to the wavelength
control, the filter unit 13 executes the filtering process.

S35: Afdter the filtering process 1s started, the gain control-
ler 14 supplies the activation current to the laser diode 11a to
execute the gain control.
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As stated above, after the emission of light 1s once stopped
by shutting ofl the activation current, the wavelength control
1s executed, and the supply of the activation current is
restarted thereaiter to cause the laser diode 11a to emat light.
At the time of switching wavelengths, it 1s unnecessary to
vary the TEC temperature.

The following describes an optical transmission apparatus
having an optical amplifier included 1n the variable-wave-
length light source 11. FIG. 6 1llustrates the configuration of
such an optical transmission apparatus. The optical transmis-
sion apparatus 10a comprises a variable-wavelength light
source 11-1 including the laser diode 11a and an optical
amplifier (heremafter SOA) 115, the wavelength controller
12, the filter unit 13, the gain controller 14, the temperature
controller 15, and an optical amplification controller (herein-
after SOA controller) 16. In the following description, like
reference numerals are used to denote like elements already

explained above, and description of such elements 1s omitted.

The SOA 115 amplifies the output light from the laser
diode 11a. The SOA controller 16 outputs an optical ampli-
fication control signal (heremnafter SOA current) to perform
optical amplification control (heremnaiter SOA control) for
setting the optical amplification factor of the SOA 11b.

The manner of how the optical transmission apparatus 10a
1s set up will be now described with reference to the flowchart
of FIG. 7 illustrating the setup of the apparatus, including the
gain control and the SOA control.

S41: The gain controller 14 supplies the activation current
to the laser diode 11a.

S42: The filter unit 13 stops the filtering process.

S43: After the filtering process 1s stopped, the wavelength
controller 12 supplies the tuning current to the laser diode 11a
to perform the wavelength control.

S44: During the operation following the wavelength con-
trol, the filter unit 13 executes the filtering process.

S45: After the filtering process 1s started, the SOA control-
ler 16 supplies the SOA current to the laser diode 11a to
execute the SOA control.

As stated above, when the variable-wavelength light
source 11-1 including the SOA 115 1s set up, the SOA control
needs to be executed after the wavelength control, because the
emission/non-emission of light 1s controlled by the SOA cur-
rent. The supply of the activation current may be started at any
time 1nsofar as 1t precedes the SOA control.

FIG. 8 1s a flowchart 1llustrating the setup of the apparatus,
including the gain control, the SOA control and the constant
temperature control.

S51: The temperature controller 15 outputs the TEC cur-
rent to perform the constant temperature control on the laser
diode 11a.

S52: The gain controller 14 supplies the activation current
to the laser diode 11a.

S53: The filter unit 13 stops the filtering process.

S54: After the filtering process 1s stopped, the wavelength
controller 12 supplies the tuning current to the laser diode 11a
to carry out the wavelength control.

S55: Durning the operation following the wavelength con-
trol, the filter unit 13 executes the filtering process.

S56: After the filtering process 1s started, the SOA control-
ler 16 supplies the SOA current to the laser diode 11a to
execute the optical amplification control. In the control flow
explained above, the constant temperature control 1s carried
out {irst but may be executed at any time insofar as 1t precedes
the SOA control for supplying the SOA current.

The manner of how the optical transmission apparatus 10a
operates at the time of wavelength switching will be now
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described with reference to the flowchart of F1G. 9 illustrating
the operation performed at the time of wavelength switching.

S61: The SOA controller 16 shuts off the SOA current
(Isoa=0 mA).

S62: The filter unit 13 stops the filtering process.

S63: After the filtering process 1s stopped, the wavelength
controller 12 supplies the tuning current to the laser diode 11a
to perform the wavelength control. For example, where the
wavelength 1s switched from Aa to Ab, the wavelength control
1s executed by supplying the laser diode 11a with a new
tuning current for setting the wavelength Ab.

S64: During the operation subsequent to the wavelength
control, the filter unmit 13 executes the filtering process.

S65: After the filtering process 1s started, the SOA control-
ler 16 supplies the SOA current to the laser diode 11a to
execute the SOA control.

As stated above, after the emission of light 1s once stopped
by shutting off the SOA current, the wavelength control 1s
executed, and the supply of the SOA current 1s restarted
thereafter to cause the laser diode 11a to emit light. At the
time of switching wavelengths, it 1s unnecessary to vary the
TEC temperature.

The following describes an optical transmission apparatus
including a plurality of laser diodes. FIG. 10 1llustrates the
configuration of such an optical transmission apparatus. The
optical transmission apparatus 106 comprises a variable-
wavelength light source 11-2, a wavelength controller 125, a
filter unit 135, a gain controller 145, the temperature control-
ler 15, the SOA controller 16, and a laser diode selector 17.
The variable-wavelength light source 11-2 includes a plural-
ity of laser diodes 11a-1 to 11a-» (laser diode array), an SOA
115, and an optical coupler 11c.

The laser diode selector 17 selects a desired laser diode
from among the laser diodes 11a-1 to 11a-». The wavelength
controller 125, the filter unit 135 and the gain controller 1456
have functions basically identical with those explained above
with reference to FIG. 1 but are configured to perform their
respective control operations on the laser diode selected from
among the multiple laser diodes 11a-1 to 11a-n.

In the varniable-wavelength light source 11-2, on the other
hand, the wavelength output end of each of the laser diodes
11a-1 to 11a-» and the wavelength input end of the SOA 115
are coupled by the optical coupler 11¢ such that the wave-
length output from the selected one of the laser diodes 11a-1
to 11a-n1s amplified by the SOA 115 and output to the outside
of the apparatus.

The manner of how the optical transmaission apparatus 105
1s set up will be now described with reference to the flowchart
of FI1G. 11 1llustrating the setup of the apparatus, including the
gain control and the SOA control.

S71: The laser diode selector 17 selects a laser diode to be
used, from among the laser diodes 11a-1 to 1la-n (1t 1s
assumed that the laser diode 11a-1 1s selected).

S72: The gain controller 145 supplies the activation current
to the laser diode 11a-1.

S73: The filter unit 135 stops the filtering process.

S74: After the filtering process 1s stopped, the wavelength
controller 1256 supplies the tuming current to the laser diode
11a-1 to perform the wavelength control.

S75: During the operation following the wavelength con-
trol, the filter unit 135 executes the filtering process.

S76: After the filtering process 1s started, the SOA control-
ler 16 supplies the SOA current to the laser diode 11a-1 to
execute the SOA control.

Since the emission/non-emission of light 1s controlled by
the SOA current as stated above, 1t 1s necessary that the
selection of a laser diode to be used, the wavelength control
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and the SOA control be executed 1n the mentioned order. The
supply of the activation current may be started at any time
insofar as it succeeds the selection of a laser diode and pre-
cedes the SOA control.

FIG. 12 15 a flowchart 1llustrating the setup of the appara-
tus, including the gain control, the SOA control and the con-
stant temperature control.

S81: The temperature controller 15 outputs the TEC cur-
rent to perform the constant temperature control on the laser
diode array constituted by the laser diodes 11a-1 to 11a-n.

S82: The laser diode selector 17 selects a laser diode to be
used, from among the laser diodes 11a-1 to 1la-n (1t 1s
assumed that the laser diode 11a-1 1s selected).

S83: The gain controller 145 supplies the laser diode 11a-1
with the activation current.

S84: The filter unit 135 stops the filtering process.

S85: After the filtering process 1s stopped, the wavelength
controller 126 supplies the tuming current to the laser diode
11a-1 to perform the wavelength control.

S86: During the operation following the wavelength con-
trol, the filter unit 135 executes the filtering process.

S87: After the filtering process 1s started, the SOA control-
ler 16 supplies the laser diode 11a-1 with the SOA current to
execute the SOA control. In the above control flow, the con-
stant temperature control 1s performed first but may be
executed at any time 1nsofar as 1t precedes the SOA control for
supplying the SOA current.

The manner of how the optical transmission apparatus 105
operates at the time of wavelength switching will be now
described with reference to the flowchart of FIG. 13 1llustrat-
ing the operation performed at the time of wavelength switch-
ing.

S90: The system 1s being operated with a certain laser
diode selected (it 1s assumed that the laser diode 11a-1 1s
currently selected).

S91: On detecting a changeover of wavelengths, the host
controller determines whether or not 1t 1s necessary to change
laser diodes. If the laser diode need not be changed (1f the
wavelength to be switched to falls within the wavelength
range covered by the currently used laser diode 11a-1), the
flow proceeds to Step S92. If the laser diode needs to be
changed to another one (1f the wavelength to be switched to 1s
outside the wavelength range of the currently used laser diode
11a-1), the flow proceeds to Step S93.

S92: The SOA controller 16 shuts off the SOA current,
whereupon the tlow proceeds to Step $S96.

S93: The wavelength controller 126 shuts off the tuming
current being supplied to the laser diode 11a-1, the gain
controller 145 shuts off the activation current being supplied
to the laser diode 11a-1, and the SOA controller 16 shuts off
the SOA current.

S94: The laser diode selector 17 selects a new laser diode to
be used, from among the laser diodes 11a-2 to 11a-» (1t 1s
assumed that the laser diode 11a-2 1s selected).

S95: The gain controller 145 supplies the activation current
to the laser diode 11a-2.

S96: The filter unit 135 stops the filtering process.

S97: After the filtering process 1s stopped, the wavelength
controller 126 supplies the tuming current to the laser diode
11a-2 to perform the wavelength control.

Where the laser diode need not be changed, for example, 11
the wavelength 1s switched from Aa to Ab, the wavelength
control i1s carried out by supplying the laser diode 11a-1 with
a new tuning current for setting the wavelength Ab.

On the other hand, where the laser diode needs to be
changed, for example, 11 the wavelength 1s switched from the
wavelength Aa covered by the laser diode 11a-1 to a wave-
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length Ac covered by the laser diode 11a-2, the wavelength
control 1s executed by supplying the laser diode 11a-2 with a
new tuning current for setting the wavelength Ac.

S98: During the operation subsequent to the wavelength
control, the filter unit 135 executes the filtering process.

S99: After the filtering process 1s started, the SOA control-
ler 16 supplies the SOA current to the currently selected laser
diode to execute the SOA control.

As stated above, where the laser diode needs to be changed
at the time of wavelength switching, the tuning current, the
activation current and the SOA current are shut off, and after
a new laser diode 1s selected, the wavelength control and then
the SOA control are executed. The supply of the activation
current may be started at any time insofar as it succeeds the
selection of a new laser diode and precedes the SOA control.
Where the laser diode need not be changed, on the other hand,
the SOA current 1s shut off so that the emission of light may
be once stopped, then the wavelength control 1s executed
anew, and the supply of the SOA current 1s restarted to cause
the laser diode to emat light. At the time of switching wave-
lengths, 1t 1s unnecessary to vary the TEC temperature.

The filtering process will be now explained. FIG. 14 illus-
trates the configuration of the filter unit 13. The filter unit 13
comprises a filter controller 13-1 and a filter 13-2. The filter
13-2 comprises an FET switch constituted by a transistor TR1
(e.g., N-channel MOSFET), and a time constant circuit
including a resistor R and a capacitor C. The wavelength
control layer (tune) of the laser diode 11a 1s represented
equivalently by a diode.

The wavelength controller 12 has 1ts tuning current output
end connected through a signal line L1 to the cathode of the
laser diode 11a, the anode of which 1s grounded (GND). A
branch line L.2 branches oif from the signal line L1, and the
filter 13-2 1s 1nserted in the branch line L2.

The filter controller 13-1 has 1ts control voltage output end
connected to the gate of the transistor TR1, of which the
source 1s connected to one end of each of the resistor R and the
capacitor C. The other end of each of the resistor R and the
capacitor C 1s grounded. The drain of the transistor TR1 1s
connected to the tuning current output end of the wavelength
controller 12 and the cathode of the laser diode 11a.

When the filtering process 1s to be stopped, the filter con-
troller 13-1 stops the application of the control voltage to the
gate of the transistor TR1 to turn off the FET switch. There-
upon, the tuning current output from the wavelength control-
ler 12 (the tuning current on which high-frequency noise 1s
superimposed) 1s 1njected 1nto the laser diode 11a through the
signal line L1, so that the wavelength setting of the laser diode
11a 1s carried out (since, during the wavelength control, no
light 1s output to outside from the apparatus as stated above,
no problem arises if the wavelength setting 1s executed using,
the tuning current on which high-frequency noise 1s superim-
posed, and 1n addition, this procedure enables high-speed
tuning).

On the other hand, when starting the filtering process, the
filter controller 13-1 applies the control voltage to the gate of
the transistor TR1 to turn on the FET switch constituted by the
transistor TR1. Thereupon, of the tuning current output from
the wavelength controller 12, the igh-frequency component
(containing high-frequency noise) of the tuning current tlows
to the branch line L2, while the DC component of the tuning,
current flows through the signal line L1 and 1s injected into
the laser diode 11a (for the high-frequency signal, the capaci-
tor C 1n the time constant circuit appears to have low 1imped-
ance, so that only the high-frequency component of the tuning
current flows to the branch line L.2; conversely, for the direct-
current signal, the capacitor C appears to have high imped-
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ance, so that the direct-current signal tlows to the signal line
L1, and not to the branch line L2).

In the above example, the ON/OFF control of the filter 13-2
1s executed by using the voltage-controlled FET switch but
may alternatively be executed by using a current-controlled
bipolar transistor (e.g., NPN transistor), instead of an FET.

A design example of the filter 13-2 will be now described.
FIG. 15 1llustrates an equivalent circuit of the filter 13-2 and
the laser diode 114, wherein the FE'T switch 1s in an ON state.
Given the impressed current Imod, the tuming current Itune
can be calculated by the following equation:

Itune=Rx(1/joC)/(Rx(RL+(1/joC)+RLx(1/70C))x]
mod

(1)

where RL 1s the load resistance of the laser diode 11a.

Let us suppose that the C and R values of the time constant
circuit are determined so as to suppress the high-frequency
noise of 100 kHz and above. In this case, since the load
resistance RL of the laser diode 11a 1s about 582, R 1s set so as
to provide an impedance significantly higher than RL, for
example, to 500€2, which 1s 100 times as large as RL.

On the other hand, C 1s a parameter determining the cutoif
frequency and, 1n this 1nstance, 1s set to 100 nF so that the
attenuation may begin from 100 kHz. FIG. 16 1llustrates the
transmission characteristic of the filter 13-2, wherein the hori-
zontal axis indicates frequency (Hz) and the vertical axis
indicates power Itune/Imod (dB). In the filter transmission
characteristic illustrated in FIG. 16, R=500€2 and C=100 nF.
By setting C to a greater value, 1t 1s possible to cause the
attenuation to begin from a lower frequency.

The optical transmission apparatus of the present invention
includes a light-emitting laser whose output wavelength var-
1es when applied with a wavelength control signal for switch-
ing wavelengths, a wavelength controller configured to per-
form wavelength control for setting a desired output
wavelength, and a filter unit configured remove high-ire-
quency noise superimposed on the wavelength control signal,
wherein the filter unit stops the filtering process during the
wavelength control and executes the filtering process during
the operation. It 1s therefore possible to suppress degradation
in the transmission characteristics attributable to high-fre-
quency noise superimposed on the wavelength control signal
and at the same time to perform wavelength switching at high
speed.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader 1n under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiment(s) of the
present invention has(have) been described 1n detail, 1t should
be understood that various changes, substitutions and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What 1s claimed 1s:

1. An optical transmission apparatus comprising;:

a variable-wavelength light source including a light-emiat-
ting laser whose output wavelength varies when applied
with a wavelength tuning signal for switching wave-
lengths;

a wavelength controller configured to output the wave-
length tuning signal to the varnable-wavelength light
source to perform wavelength control such that the out-
put wavelength 1s set to a desired wavelength; and
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a filter configured to subject the wavelength tuning signal

to a filtering process to remove noise superimposed on
the wavelength tuning signal,
wherein the filter stops the filtering process at a time of
switching wavelengths before operation of an optical 5
transmission and executes the filtering process while
holding wavelengths constant during the operation of
the optical transmission.
2. The optical transmission apparatus according to claim 1,
wherein:
after the filtering process 1s stopped, the wavelength con-
troller performs the wavelength control by applying the
wavelength tuning signal to the light-emitting laser, and

after the wavelength control 1s performed, the filter
executes the filtering process.

3. The optical transmission apparatus according to claim 2,
turther comprising a gain controller configured to apply a
gain control signal to the light-emitting laser to perform gain
control for setting a gain for output light of the light-emitting
laser.

4. The optical transmission apparatus according to claim 3,
wherein, when the optical transmission apparatus 1s set up,
the gain controller performs the gain control by applying the
gain control signal to the light-emitting laser after the filtering
process 1s started.

5. The optical transmission apparatus according to claim 3,
turther comprising a temperature controller configured to
perform constant temperature control for setting temperature
of the light-emitting laser to a constant temperature,

wherein, when the optical transmission apparatus 1s set up,

the temperature controller performs the constant tem-
perature control before the gain control signal 1s applied
to the light-emitting laser.

6. The optical transmission apparatus according to claim 3,
wherein, when the output wavelength 1s switched from a first
wavelength to a second wavelength,

the gain controller stops application of the gain control

signal,
the filter stops the filtering process,
the wavelength controller performs, after stoppage of the

filtering process, the wavelength control by applying, to
the light-emitting laser, the wavelength tuning signal for
switching the output wavelength from the first wave-
length to the second wavelength,

the filter executes the filtering process after the wavelength

control, and

the gain controller performs, after start of the filtering

process, the gain control by applying the gain control
signal to the light-emitting laser.

7. The optical transmission apparatus according to claim 1,
wherein:

the filter includes a switch and a time constant circuit and 1s

inserted in a branch line branching off from a signal line
which connects the wavelength controller to the light-
emitting laser,

when the filtering process 1s to be stopped, the filter per-

forms switching such that the wavelength tuning signal
on which the noise 1s superimposed flows to the light-
emitting laser through the signal line, and

when the filtering process 1s to be executed, the filter per-

forms switching such that a high-frequency component
of the wavelength tuning signal containing the noise
flows to the branch line while a direct-current compo-
nent of the wavelength tuning signal tlows to the signal
line.

8. The optical transmission apparatus according to claim 1,
wherein:
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the variable-wavelength light source includes the light-
emitting laser and an optical amplifier configured to
amplily the output wavelength from the light-emitting
laser, and

the optical transmission apparatus further comprises an
optical amplification controller configured to perform
optical amplification control by outputting an optical
amplification control signal for setting an optical ampli-
fication factor of the optical amplifier.

9. An optical transmission apparatus comprising:

a variable-wavelength light source including a plurality of
light-emitting lasers whose output wavelengths vary
within respective different wavelength ranges when
applied with a wavelength tuning signal for switching
wavelengths;

a laser selector configured to select one light-emitting laser
from among the plurality of light-emitting lasers,

a wavelength controller configured to output the wave-
length tuning signal to the selected light-emitting laser
to perform wavelength control such that the output
wavelength 1s set to desired wavelength;

a filter configured to subject the wavelength tuning signal
to a filtering process to remove noise superimposed on
the wavelength tuning signal; and

wherein the filter stops the filtering process at a time of
switching wavelengths before operation of an optical
transmission and executes the filtering process while
holding wavelengths constant during the operation of
the optical transmission.

10. The optical transmission apparatus according to claim

9, wherein:

alter the filtering process 1s stopped, the wavelength con-
troller performs the wavelength control by applying the
wavelength tuming signal to the selected light-emaitting
laser, and

alter the wavelength control 1s performed, the filter
executes the filtering process.

11. The optical transmission apparatus according to claim

10, further comprising;:

a gain controller configured to apply a gain control signal to
the selected light-emitting laser to perform gain control
for setting a gain for output light of the selected light-
emitting laser;

an optical amplifier configured to amplity output light from
the selected light-emitting laser; and

an optical amplification controller configured to apply an
optical amplification control signal to the optical ampli-
fier, to perform optical amplification control for setting
an optical amplification factor of the optical amplifier.

12. The optical transmission apparatus according to claim
11, wherein, when the optical transmission apparatus 1s set
up, the gain controller performs the gain control by applying
the gain control signal to the selected light-emitting laser
before the optical amplification control signal 1s applied to the
optical amplifier.

13. The optical transmission apparatus according to claim
11, turther comprising a temperature controller configured to
perform constant temperature control for setting temperature
of the light-emitting lasers to a constant temperature,

wherein, when the optical transmission apparatus is set up,
the temperature controller performs the constant tem-
perature control before the optical amplification control
signal 1s applied to the optical amplifier.

14. The optical transmission apparatus according to claim
11, wherein, when the optical transmission apparatus 1s set
up, the optical amplification controller performs the optical
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amplification control by applying the optical amplification
control signal to the optical amplifier after the filtering pro-
cess 1s started.

15. The optical transmission apparatus according to claim
11, wherein, when the output wavelength 1s switched from a
first wavelength to a second wavelength and if 1t 1s unneces-
sary to change a currently used light-emitting laser to a dif-
ferent one,

the optical amplification controller stops application of the

optical amplification control signal,
the filter stops the filtering process,
the wavelength controller performs, after stoppage of the

filtering process, the wavelength control by applying, to
the currently used light-emitting laser, the wavelength
tuning signal for switching the output wavelength from
the first wavelength to the second wavelength,

the filter executes the filtering process after the wavelength

control, and

the optical amplification controller performs, after start of

the filtering process, the optical amplification control by
applying the optical amplification control signal to the
optical amplifier.

16. The optical transmission apparatus according to claim
11, wherein, when the output wavelength 1s switched from a
first wavelength to a second wavelength and 11 a first light-
emitting laser which is currently used and which 1s configured
to output the first wavelength needs to be changed to a second
light-emitting laser configured to output the second wave-
length,

the wavelength controller stops application of the wave-

length tuning signal to the first light-emitting laser, the

gain controller stops application of the gain control sig-
nal to the first light-emitting laser, and the optical ampli-
fication controller stops application of the optical ampli-
fication control signal,

the laser selector selects the second light-emitting laser,

the filter stops the filtering process,

the wavelength controller performs, after stoppage of the
filtering process, the wavelength control by applying, to
the second light-emitting laser, the wavelength tuning
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signal for switching the output wavelength from the first
wavelength to the second wavelength,

the filter executes the filtering process after the wavelength
control, and

the optical amplification controller performs, after start of
the filtering process, the optical amplification control by
applying the optical amplification control signal to the
optical amplifier.

17. The optical transmission apparatus according to claim

0, wherein:
the filter includes a switch and a time constant circuit and 1s
inserted 1n a branch line branching off from a signal line
which connects the wavelength controller to the selected
light-emitting laser,
when the filtering process 1s to be stopped, the filter per-
forms switching such that the wavelength tuning signal
on which the noise 1s superimposed tlows to the selected
light-emitting laser through the signal line, and

when the filtering process 1s to be executed, the filter per-

forms switching such that a high-frequency component
of the wavelength tuning signal containing the noise
flows to the branch line while a direct-current compo-
nent of the wavelength tuning signal tflows to the signal
line.

18. An optical transmission method to be used 1n conjunc-
tion with a light-emitting laser whose output wavelength var-
ies when applied with a wavelength tuning signal for switch-
ing wavelengths,

wherein a desired output wavelength 1s set 1n the light-

emitting laser by applying the wavelength tuning signal
to the light-emitting laser during wavelength control,
and the wavelength tuning signal 1s subjected to a filter-
ing process to remove noise superimposed on the wave-
length tuning signal, and

wherein the filtering process 1s stopped at a time of switch-

ing wavelengths before operation of an optical transmis-
ston and 1s performed while holding wavelengths con-
stant during the operation of the optical transmission.
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